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GUIDANCE FOR COURSE EVALUATION FORM

The Course Evaluation Form on the following page is very important to the continuing
improvement and success of this course. The form is included in each Participant Workbook.
During the course introduction, the Instructor will call the participants’ attention to the form,
its content, and the importance of its thoughtful completion at the end of the course.
Participants will be encouraged to keep notes, or write down comments as the class
progresses, in order to provide the best possible evaluation. The Instructor will direct
participants to write down comments at the end of each day and to make use of the back of
the form if more room is needed for comments.

On the last day of the course, just prior to the written examination, the Instructor will again
refer to the form and instruct participants that completion of the form after their last
examination is a requirement prior to leaving. Should the course have more than one
Instructor, participants should be directed to list them as A, B, etc., with the Instructor’s
name beside the letter, and direct their answers in the Instructor Evaluation portion of the
form accordingly.
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ubDOT
TRANSPORTATION TECHNICIAN QUALIFICATION PROGRAM
COURSE EVALUATION FORM

The UDOT Transportation Technician Qualification Program would appreciate your
thoughtful completion of all items on this evaluation form. Your comments and constructive
suggestions will be an asset in our continuing efforts to improve our course content and
presentations.

Course Title:

Location:

Dates:

Your Name (Optional):

Employer:

Instructor(s)

COURSE CONTENT

Will the course help you perform your job better and with
more understanding? Yes Maybe No

Explain:

Was there an adequate balance between theory and instruction? Yes  Maybe No

Explain:

Did the course prepare you to confidently complete both
examinations? Yes Maybe No

Explain:

What was the most beneficial aspect of the course?

What was the least beneficial aspect of the course?
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GENERAL COMMENTS

General comments on the course, content, materials, presentation method, facility, registration

UDOT-TTQP

process, etc. Include suggestions for additional Tips!

EVALUATION

INSTRUCTOR EVALUATION

Were the objectives of the course, and the instructional

and exam approach, clearly explained?

Explain:

Yes

Maybe

No

Was the information presented in a clear, understandable

manner?

Explain:

Yes

Maybe

No

Did the instructors demonstrate a good knowledge of the subject?

Explain:

Yes

Maybe

No

Did the instructors create an atmosphere in which to ask questions

and hold open discussion?

Explain:

Yes

Maybe

No
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COURSE OBJECTIVES AND SCHEDULE

Learning Objectives
Instructional objectives for this course include:

e Becoming proficient in the following specifications, practices, and procedures:

FOP for AASHTO M 323
Standard Specification for Superpave Volumetric Mix Design

FOP for AASHTO R 35
Standard Practice for Superpave Volumetric Mix Design

FOP for AASHTO R 30 and UDOT MOI 8-988
Guidelines for Laboratory Mixing of Hot-Mix Asphalt (HMA) and Mixture
Conditioning of HMA

FOP for AASHTO T 312
Standard Method for Preparing and Determining the Density of Hot-Mix Asphalt
HMA) Specimens by Means of the Superpave Gyratory Compactor

FOP for AASHTO T 283
Resistance of Compacted Bituminous Mixtures to Moisture Induced Damage

FOP for AASHTO T 324 and UDOT MOI 9-990
Hamburg Wheel-Track Testing of Compacted Hot-Mix Asphalt (HMA)

FOP for AASHTO M 325
Standard Specification for Stone Matrix Asphalt (SMA)

FOP for AASHTO R 46
Standard Practice for Designing Stone Matrix Asphalt (SMA)

FOP for AASHTO T 305
Standard Method of Test for Determination of Draindown Characteristics in
Uncompacted Asphalt Mixtures

The overall goals of this course are to understand the basics of Superpave and SMA mix
design, and to be competent with specific quality control test procedures identified for the
Utah Department of Transportation (UDOT) Transportation Technician Qualification
Program (TTQP).

It is assumed that the student has previously obtained a copy of the manual, and has

adequately prepared for the qualification by studying and receiving training from a senior
trainer.
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Course Outline and Suggested Schedule

Day One
0900 Welcome
Introduction of Instructors
0915 Presentations
1200 Lunch
1300 Presentations. Distribute copies of Sample Exams
Day Two
0800 Review Sample Exam and answer questions from the Previous Day
0900 Start of Written Exams
Varies Practical Exams (After successful completion of written exam)
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BASICS OF SUPERPAVE MIX DESIGNS
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Introduction

Asphalt cement concrete (ACC) is a mixture of two
primary ingredients: mineral aggregate and asphalt
cement (AC) or binder as it is now termed. The
binder holds the aggregate together in a moderately
flexible rock-like mass. Hot mix asphalt (HMA)
includes mixes that are produced at an elevated
temperature. ACC and HMA are generally divided
into three types of mixes, depending on the
gradation of the aggregate: dense-graded, open-
graded, and gap-graded.

Superpave HMA mixtures are a dense graded mix
using high quality aggregates and binder used for
the construction of surface courses on flexible
pavements.

The binder is divided into two categories: absorbed
(into the aggregate) and effective (which remains on
the surface for binding aggregate particles together).
Also, HMA contains air voids in addition to
aggregate and binder.

Once the HMA mixture is mixed and compacted to
optimum air void content (4%) it exhibits a certain
level of stability that helps it withstand the
combined action of environment and traffic loads.
Several factors contribute to the level of stability
offered by the HMA: the quality of aggregate and
binder, and the gradation of the aggregate.

Five factors affect pavement performance:

1. Structural design

2. Mix design properties

3. Workmanship used to produce, place, and
compact the mix

4. Loading factors

5. Environmental conditions.

This module presents information relating to item
No. 2, Mix Design.
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Mix Design

The objective of a mix design is to select the
optimum binder content for a given aggregate
source, binder source and optimum aggregate
gradation. The FOP for AASHTO

M 323 covers the Standard Specification for
Superpave Volumetric Mix Designs.

The Superpave mix design and analysis system
consists of three major components:

e Binder specification and selection
e Aggregate specification and evaluation
e Volumetric mix design and evaluation

The overall objective of the Superpave system is to
specify the appropriate materials and mix design,
and predict the performance of a given HMA
pavement.

Binder

A binder specification is a process by which the
designer can select and verify the appropriate grade
of binder to be used on a specific project. To select
a binder, it is important to understand how they
behave.

How Binders Behave
The behavior of binders depends on:

e Temperature
e Time (duration) of Loading
e Age

The first step in developing and understanding a
binder grading system is to appreciate the behavior
of the binder and the various factors that impact
such behavior. Asphalt binders are viscoelastic
materials whose behavior is dependent on
temperature and time of loading. Because their
chemical composition may change with time, their
relative age in the road also impacts their
engineering properties and, therefore, their
behavior.

A unique property of a viscoelastic material is the
superposition of temperature and time of loading,
which means that the impact of temperature and
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time of loading on binders are interchangeable.
Testing the binder at elevated temperatures can
simulate behavior of a binder under a very slow
loading rate.

Using such interrelationships, laboratory testing is
used to simulate actual field conditions.

07 Temperature

The temperature that a binder is exposed to in the
field depends on the location of the project. In high
temperatures, such as those found in desert climates
and during summer, the binder acts as a viscous
liquid. At low temperatures, such as those found in
cold climates and during winter, the binder acts as
an elastic solid, which is more brittle. At
intermediate temperatures the binder is viscoelastic,
it has characteristics of both a viscous liquid and an
elastic solid. Binders may be exposed to a range of
extreme high temperatures to extreme low
temperatures.

60 C 1 Hour

10 Hours

1 Hour
25C
=) € G
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09 At elevated temperatures, when binders behave as
viscous liquids, their resistance to shear
deformations depends on the rate of shear stresses
being applied. The resistance of binders to shear
deformations is one important factor that controls
the development of rutting in HMA mixtures.
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11 Time of Loading

The time (duration) of loading that a binder
encounters in the field depends on the actual use of
the pavement facility. Pavements on parking lots,
tollbooths, and traffic lights are subjected to
sustained loads. Pavements on highways and
freeways are subjected to rapid loads.

The behavior of the binders changes from viscous
liquids, as they are subjected to sustained loads, to
elastic solids, as they are subjected to rapid loads.
At facilities where traffic speed is intermediate, the
binder behaves as a viscoelastic material.

e Sustained loads = Viscous liquid
e Rapid loads = Elastic solid
e Intermediate loads = Viscoelastic
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Aging Behavior

Aging of binders is a process by which the binders
become more brittle with time.

During construction the binder is subject to short-
term aging due to hot mixing, placing, and
compacting, which causes the volatiles to
evaporate. In service the binder is subject to long-
term aging because it reacts with oxygen, which
results in oxidation or age hardening. Oxidation
occurs more rapidly at elevated temperatures, a
larger concern in hot, desert climates and hot
summers.

In-place performance

The in-place life cycle of an HMA pavement
depends on it’s ability to resist:

e Permanent deformation (rutting)
e Fatigue cracking
e Thermal cracking

These factors are taken into consideration in the
mixture design selection of binder and aggregate
structure. Because binders are significantly
impacted by temperature, time of loading and aging
HMA pavements are also impacted by the same
factors.

Permanent Deformation (Rutting)

The aggregate gradation is the most significant
contributor to a mixtures ability to resist
permanent deformation (rutting) although
binder properties are significant.

Fatigue Cracking

Fatigue cracking in HMA pavements occurs as
a long-term response to in-service conditions.
The resistance of HMA pavements to fatigue
cracking is generated through a complex
interrelationship among binder, aggregate and
pavement structure.
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Thermal Cracking

Thermal cracking of HMA pavements is
mainly controlled by the properties of the
binder. Thermal cracking is caused by
excessive tensile stresses due to shrinkage.

The binder carries these tensile stresses; as the
binder ages, it becomes more brittle and its
ability to resist tensile stresses diminishes.

Superpave PG Binder specification

The Superpave PG binder specification, as outlined
in AASHTO M 320, measures the physical
properties of binders that can be directly related to
field performance by engineering principles.

Because of the viscoelastic nature of the binder,
rheological testing must be performed to fully
describe its engineering properties. (Rheology is the
study of the deformation and flow of matter.)

The final outcome of the Superpave binder grading
system is to assign a performance-based grade for
the binder. This grade indicates the range of in-
service temperatures of the binder to resist the
various failure modes (rutting, fatigue and thermal
cracking). The first number is the “high temperature
grade,” and means the binder possesses adequate
physical properties up to at least this temperature.
The second number is the “low temperature grade,”
and means the binder possesses adequate physical
properties down to at least this temperature.

To identify the appropriate temperature range for
the binder, its engineering properties must be
evaluated at a temperature range that covers the
expected temperatures during production,
construction and service life.

SMD 1-6 January 2009



SUPERPAVE

20

21

22

05_Basics_09.doc

UDOT/TTQP Basics

As the binder is subjected to different levels of
temperatures at various stages of its service life, its
engineering (rheological) properties significantly
change. Therefore, the critical properties that
control the resistance of the binder to the various
failure modes have to be evaluated at the
appropriate combinations of temperature and aging
conditions of the binder.

High/Intermediate Temperature Properties

The high/intermediate temperature properties are
measured by:

e Rotational Viscometer (RV)
e Dynamic Shear Rheometer (DSR)
Original (not aged)
Short-term aged = RTFO
(Rolling Thin Film Oven)
Long-term aged = PAV
(Pressure Aging Vessel)

Low Temperature Properties
The low temperature properties are measured by:

e Bending Beam Rheometer (BBR) at
RTFO and PAV
e Direct Tension Tester (DTT) at RTFO and PAV
Short-term aged = RTFO
(Rolling Thin Film Oven)
Long-term aged = PAV
(Pressure Aging Vessel)

Binder selection

The selection of the binder depends on the climatic
condition of the project site:

e Low temperature
Lowest pavement temperature (not air
temperature)

e High temperature
Average 7-day maximum pavement
temperature (not air temperature)

The selection of the binder also makes some
adjustments for the anticipated traffic speed.
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Aggregate Specification and Evaluation
Consensus Properties

The aggregate specifications include consensus
properties determined by the following test
procedures:

Coarse aggregate angularity (ASTM D 5821)
Fine aggregate angularity (AASHTO T 304)
Flat and elongated particles (ASTM D 4791)
Clay content (AASHTO T 176)

Because aggregates make up approximately 95
percent of the HMA mix, their properties are critical
to the performance of the mix. The Superpave mix
design system specifies critical properties for the
fine and coarse portions of the aggregates. Fine
aggregates are defined as passing the #4 sieve.
Coarse aggregates are defined as retained on the #4
sieve.

The gradation of the aggregates controls the long-
term performance of the HMA mix. The concept of
the gradation specification is that a dense graded
mix, which does not experience tenderness during
the construction process, should provide good
performance.

A large portion of the Superpave aggregate
specification deals with the physical shape of the
aggregate because it significantly impacts the
interlocking and adhesion properties of the
aggregates.

The rutting resistance of the HMA mixture is highly
dependent on the interlocking of the aggregate
particles. Rounded and smooth aggregates slip
relative to each other when subjected to loads.
Therefore, the resistance of HMA mixtures to shear
deformations is increased when large percentages of
cubical and rough-textured aggregates are used.

The design aggregate structure approach ensures
that the aggregate will develop a strong stone
skeleton to enhance resistance to rutting, while
allowing for sufficient void spaces to enhance
mixture durability.
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Gradation Controls

e Nominal Maximum Size
e 0.45 power chart
e Control points

Aggregate Source Properties

The Superpave aggregate specifications also
recognize properties that are controlled by the
aggregate source:

e L. A Abrasion (AASHTO T 96)

e Soundness (AASHTO T 104)

e Clay lumps and friable particles (AASHTO
T 112)

These aggregate specifications include properties
that are considered to be critical to the overall
quality of the aggregate particle. It is up to the
highway agency to set the limits that have worked
well under local conditions.

Mix Design Overview
The Superpave system includes:

e Volumetric Mix Design
e Performance based tests
e Performance prediction

This module is concerned with the Volumetric Mix
Design.

The Volumetric Mix Design includes:

e Materials Selection (Aggregate & Binder)
e Gradation Selection (Trial Series)
e Optimum Binder Content Selection

Definition of Terms

e Gum = theoretical maximum specific
gravity

e Gmp = measured bulk specific gravity

e Gg(OD) = oven-dry bulk specific gravity of
aggregate

o Gy = apparent specific gravity of
aggregate

o Gg = effective specific gravity of
aggregate

e Gy = specific gravity of the binder
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o V, = air voids
e VMA  =voids in mineral aggregate
e VFA = voids filled with asphalt binder
o Vi = absorbed binder volume
e Ve = effective binder volume
e Py = percent binder content
o Py = percent absorbed binder
33 o Ppe = percent effective binder content
o P = percent of aggregate
e Po;s/Ppe = dust to effective binder ratio
e RAP = Reclaimed Asphalt Pavement

Nominal Maximum Aggregate Size:
One sieve size larger than the first sieve to
cumulatively retain more than 10%
e Maximum Aggregate Size:
One sieve size larger than the nominal
maximum aggregate size
34 e Design ESALSs:
Design equivalent 18,000 Ib (80kN) single
axle load. For mixed traffic levels
standard load equivalent factors are used.

Design ESALSs are the anticipated project traffic
level expected over a 20-year period. ESALs
should be calculated for a 20-year design life.

35 Prerequisite Tests

e AASHTO T 2 Sampling of Aggregates

e AASHTO T 248 Reducing Samples of
Aggregate to Testing

e AASHTO T 11 Materials Finer than No. 200
Sieve in Mineral Aggregate by Washing

e AASHTO T 27 Sieve Analysis of Fine and
Coarse Aggregates

e AASHTOT 84 and T 85 Specific Gravity of
Fine and Coarse Aggregates
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Optimum Aggregate Gradation Selection
(General)

1.

Establish three trial aggregate gradations
that meet all aggregate requirements.

Determine initial binder content for each
trial aggregate gradation.

Compact two samples for each trial
aggregate gradation at the initial binder
content.

Measure volumetric properties of the
compacted samples.

Estimate volumetric properties at V,= 4.0%.

Select the aggregate gradation that best
satisfies the design criteria.

Select Optimum Binder Content (General)

1.

Prepare and compact replicate samples of
the design gradation at four levels of binder
content. (Est. design, 0.5% below, 0.5%
above and 1.0% above)

Measure volumetric properties of the
compacted samples.

Determine the optimum asphalt binder
content.

Check the volumetric properties at the
optimum binder content against the design
criteria.

Check design criteria at Npay (replicate
specimens).

Check moisture susceptibility of the mixture
at the recommended P, (AASHTO T 283).
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BASICS OF STONE MATRIX ASPHALT (SMA) MIX DESIGNS
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Introduction

SMA is a gap-graded mixture having a
concentration of coarse aggregate particles
resulting in “stone-on-stone” contact. The
aggregate is combined with a rich asphalt binder
mortar consisting of binder, mineral filler, and
stabilizing additive. The combination of proper
aggregate structure and binder mortar allows design
of mixtures based on volumetric properties with
“normal” air void content (approximately 4.0
percent) that, when properly produced and placed,
can result in greater durability and resistance to
rutting.

SMA was developed in Europe as a response to the
critical need for pavements that were resistant to
abrasion from the use of studded tires, and various
pavement distresses induced by heavy traffic. SMA
proved very successful in Germany, and its use
continued even after elimination of studded tires.

SMA was initially adopted from the Germans by
Sweden and Denmark, but is now used extensively
in Norway, Finland, Austria, France, Switzerland,
and the Netherlands.

The National Asphalt Pavement Association
(NAPA) was introduced to the mix during a
European asphalt study tour in 1990, after which
the U.S. began experimenting with SMA mixtures.
Since then, SMA use has increased in the U.S.A.

FOP’s for the Standard Specification for SMA
(AASHTO M 325) and the Standard Practice for
Designing SMA (AASHTO R 46) are contained in
this manual.
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Basics of SMA

The Superpave Gyratory Compactor (SGC) is the
method used for preparing compacted specimens
during SMA mix design. Mixtures are normally
compacted using 100 gyrations (75 gyrations are
used when the coarse aggregate has L.A. Abrasion
loss exceeding 30 percent).

As stated in the introduction, SMA is a gap-graded
mixture. This means that the intermediate size
fractions, present in dense-graded materials, are
largely missing in SMA.

During design, SMA mixtures are evaluated for
compliance with certain specified volumetric
properties including voids in the mineral aggregate
(VMA), air voids (V,), as well as voids in the
coarse aggregate fraction of the combined grading
(VCA). VCA is expressed in two ways:

1. VCAprc describes VCA in the dry-rodded
condition when tested according to AASHTO
T 19.

2. VCAwmx describes VCA in the compacted
mixture.

Compliance of the mixture with AASHTO M 325
requires that VCAmx be less than VCApre.
(Calculation methods for VCAprc and VCAyx are
contained in the FOP for AASHTO R 46).

The SMA specification for mixture properties
requires relatively high values for minimum VMA
and binder content, while maintaining V, of
approximately 4.0 percent. This results in SMA
mixtures having binder contents significantly
higher than those of dense-graded mixtures such as
Superpave.

Binder content is required to be at least 6.0 percent
and may be higher, depending on grading and
aggregate specific gravity. This results in greater
potential for draindown (migration of binder away
from aggregate particles). For this reason,
stabilizers such as cellulose and mineral fibers are
added to the binder to prevent excessive draindown
characteristics.
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The mixture is tested during the design phase, and
during production, according to AASHTO T 305 to
assess draindown potential and compliance with the
specification.

The mixture must also be evaluated for damage due
to moisture susceptibility according to the FOP for
AASHTO T 283. This test is conducted on
specimens compacted according to the FOP for
AASHTO T 312 at an air void content of
approximately 6 percent.

Binder Requirements

Binders used in SMA mix design must comply with
AASHTO M 320. Reference is also made to
AASHTO M 323 for binder adjustments specific to
project climate conditions and traffic loading.

Aggregate Requirements

The SMA aggregate specification requires use of
materials that are 100 percent crushed, meeting
properties based on the results of certain specified
test methods.

Coarse aggregate quality requirements are based on
tests for Los Angeles Abrasion, Flat and Elongated
Particles, Absorption, Soundness, and Crushed
Content (Fractured Face). Fine aggregate quality
requirements are based on tests for Soundness,
Liquid Limit, and Plasticity Index.

Mineral filler specifications require use of finely
divided mineral matter, such as crusher fines and
fly ash, that are free from organic impurities and
that have a plasticity index not greater than four.

AASHTO M 325 provides combined grading bands
for three nominal maximum aggregate sizes: 3/4"
(19 mm), 1/2" (12.5 mm), and 3/8” (9.5 mm).
Coarse aggregate is defined as material retained on
the No. 4 sieve for the 3/4" and 1/2" nominal
maximum aggregate sizes, and as material retained
on the No. 8 sieve for the 3/8” nominal maximum
size.

When the oven-dry bulk specific gravity of the
different materials used in the mixture vary by
more than 0.2, combined grading must be
calculated based on volumetric percentage.
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Mixture Property Requirements

Final mixture property requirements may be
summarized as follows:

e Air Void Content: Generally 4.0 percent, but
not less than 3.0 percent for low traffic levels or
colder climates.

e VMA: 17.0 percent minimum

e VCAwmix: Lower than VCAprc

e TSR: 0.80 minimum

e Draindown: 0.3 percent maximum

e Binder Content: 6.0 percent minimum. Some
adjustment is allowed for aggregates of high
specific gravity.

Mix Design Overview
SMA mix design includes the following:

e Materials Selection (Aggregates, Binder,
Mineral Filler, Stabilizing Additive)

e Gradation Selection (Trial Series)
e Optimum Binder Content Selection

Definition of Terms

e Air Voids (Va)
The total volume of the small pockets of air
between the coated aggregate particles
throughout a compacted paving mixture,
expressed as a percent of the bulk volume
of the compacted paving mixture.

e Gca
Oven-dry bulk specific gravity of the
coarse aggregate fraction of the combined
grading.

e Pca
Percent of coarse aggregate in the
combined grading.

e SMA Mortar
A mixture of asphalt binder, filler (material
passing the No. 200 sieve), and stabilizing
additive.
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Stabilizing Additive
Either cellulose or mineral fiber.

Stone Matrix Asphalt (SMA)
A Hot-Mix Asphalt (HMA) mixture
consisting of a coarse aggregate skeleton
with stone-on-stone contact, and a rich
asphalt binder mortar.

Stone-on-Stone Contact
The point where the VCA of the compacted
mixture is less than the VCA of the dry-
rodded coarse aggregate.

VCA
Volume of voids between coarse aggregate
particles in the combined grading.

VCAbRc
Volume of voids between coarse aggregate
particles in the combined gradation (dry-
rodded condition).

VCAMIx
Volume of voids between coarse aggregate
particles of the compacted mixture (air
voids, binder, fine aggregate, mineral filler,
and stabilizing additive).

Prerequisite Tests

AASHTO T 2 - Sampling of Aggregates

AASHTO T 248 — Reducing Samples of
Aggregate to Testing Size

AASHTO T 11 - Materials Finer than No. 200
Sieve in Mineral Aggregate by Washing

AASHTO T 27 - Sieve Analysis of Fine and
Coarse Aggregates

AASHTO T 84 and T 85 — Specific Gravity
and Absorption of Fine and Coarse Aggregates

AASHTO T 19 - Bulk Density (“Unit
Weight”) and Voids in Aggregate

AASHTO T 89 and T 90 — Liquid Limit,
Plastic Limit and Plasticity Index

AASHTO T 96 — Los Angeles Abrasion of
Coarse Aggregate
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e AASHTO T 104 — Soundness of Coarse and
Fine Aggregates

e ASTM D 4791 - Flat Particles, Elongated
Particles, or Flat & Elongated Particles in
Coarse Aggregate

e ASTM D 5821 — Determining the Percentage
of Fractured Particles in Coarse Aggregate

Optimum Gradation Selection (General)

1.
2.

Perform prerequisite procedures / tests.

Establish at least three trial blend gradings
(either from experience, or one each along
coarse and fine limits and the center of the
grading band).

Establish trial binder content. AASHTO

R 46 recommends binder content from 6.0
to 6.5 percent when previous experience is
not available.

Mix and compact trial blend specimens
according to the FOP’s for AASHTO R 30
and T 312.

Evaluate compacted trial mixtures.

Select optimum aggregate grading (lowest
coarse aggregate content where the mixture
meets the minimum VMA, and VCAmx IS
lower than VCApgc).
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Select Optimum Binder Content (General)

Using the optimum grading, the steps for selecting
the optimum binder content are:

1.

Select Binder Contents (minimum of three
binder contents that will encompass
required air void content).

Fabricate and Compact Specimens (using
FOP’s for AASHTO R 30 and T 312).

Select Optimum Binder Content (binder
content at which the mixture meets air void
and minimum VMA requirements, and
where VCAmx is lower than VCApgc).

Evaluate TSR at optimum binder content
(compact at 6 percent air voids according to
T 312, test according to T 283).

Evaluate Draindown at optimum binder
content (T 305).
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02

03

06_M 323_09.doc

Significance

The Superpave volumetric mix design process uses
combinations of aggregates and binders to produce
hot-mix asphalt (HMA) job-mix formulas
conforming to specified requirements.

Scope

This standard specifies minimum quality
requirements governing binder and aggregate
selection, and establishes specifications for
volumetric properties of Superpave mix designs.

Binder Requirements

The binder shall meet the following:
Performance-graded

Meet requirements of AASHTO M 320
Appropriate for climate

Appropriate for traffic loading

Or as specified by the contract documents

The grading system is illustrated by the following
graphic:
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04

SUPERPAVE PG BINDER
SPECIFICATIONS

 Grading System Based on Climate
(Pavement Temperatures)

- PG XX -YY —
Performance Min Pavement
Grade Design
Average 7-day Max Temperature

Pavement
Temperature
05 Binder Adjustments

Traffic Speed and Traffic Level

If traffic speed or design ESALSs warrant, the high-
temperature grade should be increased by the
number of grade equivalents in Table 1.

Table 1 06
Adjustment to the High Temperature Grade of the Binder*
Based on Traffic Speed and Traffic Level

. PP Traffic Load Rate
Design ESALs” (Million) Standing® Slow” Standard®
<03 - - -
0.3to<3 2 1 --
3to<10 2 1 -
10 to < 30 2 1 -0
> 30 2 1 1

Increase the high-temperature grade by the number of grade equivalents indicated (one grade is equivalent to
6° C).

The anticipated project traffic level expected on the design lane over a 20-year period. Regardless of the
actual design life of the roadway, determine the design ESALSs for 20 years.

Standing Traffic — where the average speed is less than 20 km/h (12 mph).

Slow Traffic — where the average speed ranges from 20 to 70 km/h (12 to 43 mph).

Standard Traffic — where the average traffic speed is greater than 70 km/h (43 mph).

Consideration should be given to increasing the high-temperature grade by one grade equivalent.
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RAP Usage

If RAP (Reclaimed Asphalt Pavement) is to be
used, adjust the binder grade according to Table 2
to account for RAP binder stiffness and amount.
For procedures for developing a blending chart
refer to AASHTO M 323, Appendix X1.

Table 2 o7
Binder Adjustment for RAP Usage
Recommended Virgin Asphalt Binder Grade RAP Percentage
No change in binder selection <15
Select virgin binder one grade softer than normal
(e.g., select a PG 58 —-28 if a PG 64 —22 would 15-25

normally be used)

Follow recommendations from blending charts

(see Appendix X1 of AASHTO M 323) >25

Combined Aggregate Requirements

08 Size requirements:
e HMA surface course:
Nominal maximum size: #4 to 3/4 inch
e HMA subsurface courses:
Nominal maximum size: 1% inch
maximum.

Gradation control points:

e When tested according to AASHTO T 11
and AASHTO T 27, the combined
aggregate gradation shall conform to the
gradation control points in Table 3.
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Table 3 0
Gradation Control Points
. Nominal Maximum Aggregate Size (% Passing)
g:gze 15" 1” 3/4” 1/2” 3/8” #4
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
2" 100 - - - - - - - - - - -
1" 90 | 100 | 100 - - - - - - - - -
1”7 - 90 90 | 100 | 100 - - - - - - -
3/4" - - - 90 90 | 100 | 100 - - - - -
1/2" - - - - - 90 90 | 100 | 100 - 100 -
3/8” - - - - - - - 90 90 | 100 | 95 | 100
#4 - - - - - - - - - 90 90 | 100
#8 15 41 19 45 23 | 49 28 58 32 67 - -
#16 - - - - - - - - - - 30 60
#200 0 6 1 7 2 8 2 10 2 10 6 12

Gradation Classification:

The combined aggregate gradation is

classified as coarse graded when it passes
below the Primary Control Sieve (PCS)
control point. All other gradations are

classified as fine. See Table 4.

Table 4 10
Gradation Classification

PCS Control Point for Mixture Nominal Maximum Aggregate Size
(% Passing)

Nominal Ma_X|mum 114" 1" 34" 1/2" 3/8”
Aggregate Size

Primary Control Sieve 3/8” #4 4 #8 #8
PCS Control Point

(% Passing) 47 40 47 39 47

Aggregate Consensus Property Requirements:

e Coarse Aggregate Angularity shall be
measured according to ASTM D 5821
(Determining the Percentage of Fractured
Particles in Coarse Aggregate).

e Fine Aggregate Angularity (Uncompacted
Void Content) shall be measured according
to AASHTO T 304 Method A.

SMD 2-6 January 2009

06_M 323_09.doc



SUPERPAVE UDOT/TTQP AASHTO M 323

e Sand Equivalent shall be measured
according to AASHTO T 176.

e Flat-and-Elongated shall be measured
according to ASTM D 4791 except the
material passing the 3/8 inch and retained
on the #4 will be included. The ratio of 5:1,
length to thickness, will be used. (Some
states may require a different ratio.)

Aggregate Consensus Properties of aggregate
blends used for Super Pave Mixture Designs shall
meet the requirements listed in Table 5.

Table 5
Superpave Aggregate Consensus Property Requirements 1
Fractured Face Uncompacted Void q | g
Design® Coarse Aggregate Content, Fine Aggregate S_an Flat an
g e i Equivalent | Elongated®
ESALs (Percent) Minimum (Percent) Minimum g P 9
(million) | Depth from Surface® | Depth from Surface* (Percent) | (Percent)
YT > pyT > Minimum | Maximum
<0.3 55/- -/- - - 40 -
0.3to<3 75/- 50/- 40 40 40
3to<10 | 85/80° 60/- 45 40 45 10
10to < 30 95/90 80/75 45 40 45
> 30 100/100 100/100 45 45 50

(1) The anticipated project traffic level expected on the design lane over a 20-year period.
Regardless of the actual design life of the roadway, determine the design ESALSs for 20 years.

(2) 85/80 denotes that 85 percent of the coarse aggregate has one fractured face and 80 percent
have two or more fractured faces.

(3) This criteria does not apply to the #4 nominal maximum size mixtures.

(4) If less than 25% of a lift is within 4 inch of the surface, the lift may be considered to be below
4 inch.

When RAP is used the aggregate shall be extracted
(using solvent or ignition oven) from the RAP
according to Agency specifications. This
aggregate shall be used in determining the
combined aggregate gradation and conformance to
the aggregate consensus properties, with the
exception of sand equivalent. The sand equivalent
shall apply to the aggregate blend prior to RAP
aggregate inclusion.

HMA Design Requirements

When compacted in accordance with the FOP for
AASHTO T 312, the mix design shall meet the
design requirements in Table 6. (See the FOP for
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AASHTO R 35 for Nini, Nges, & Nmax number of

gyrations.)

When tested in accordance with the FOP for
AASHTO T 283, the HMA design shall have a
minimum tensile strength ratio of 0.80 when

compacted in accordance with the FOP for

AASHTO T 312 at 7.0 £0.5 percent air voids.

Table 6 13
Superpave HMA Design Requirements
Required Relative
Density (% of Voids in Mineral Aggregate7 R
Theoretical Maximum Percent Minimum = =
. Specific Gravity) =X @
Design 2<| 5
Esals* =0 | T
(million) Nominal Maximum Aggregate Size '2'5 b P
_-9 = é ™
Ninitial Ndesign N max o _CCU : S
> 5 th C
115" 1” ?/411 1/211 %11 #4 g 2 8 nf?
<0.3 <915 70-80*
0.3t0<3 <90.5 65-78
3to<10 96.0° | <98.0 | 11.0 | 12.0 | 13.0 | 14.0 | 15.0 | 16.0 0.6-1.2
10t0 <30 | <89.0 65-75°
>30

(1) The anticipated project traffic level expected on the design lane over a 20-year period. Regardless of the actual
design life of the roadway, determine the design ESALS for 20 years.
(2) For 1% inch nominal maximum size mixtures, the specified lower limit of the VFA range is 64% for all traffic

levels.

(3) For #4 nominal maximum size mixtures, the dust-to-binder ratio shall be 0.9 to 2.0.

(4) For 1 inch nominal maximum size mixtures, the specified lower limit of the VFA shall be 67 percent for design
traffic levels < 0.3 million ESALSs.

(5) For design traffic levels >3 million ESALS, 3/8” nominal maximum size mixtures, the specified VFA range
shall be 73 to 76 percent and for #4 nominal maximum size mixtures shall be 75 to 78 percent.

(6) Corresponds to an Air VVoid Content (V) of 4.0%.

(7) VMA greater than 2% above the minimum should be avoided.

Note: If the aggregate gradation passes beneath the PCS Control Point specified in Table 4,
the dust-to-binder ratio may be increased to 0.8-1.6 at the agencies discretion.
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REVIEW QUESTIONS

1. With what specification must the binder comply? What does PG 64 —34 mean?

2. When using RAP in a mix design, how might the selection of the virgin binder be
different than if no RAP is used?

3. Describe the aggregate size requirements for surface courses, for subsurface courses.

4. What are the specified gradation controls?

5. Name the aggregate consensus properties.

6. Is RAP aggregate used for determining all of the consensus properties? If not, for which

test(s) would the RAP aggregate be excluded?

7. For design ESAL’s of 6 million, what %G, at Niy; is the maximum allowed?

8. For design ESAL’s of 7 million, what is the lower limit of VFA range for a 3/8 inch
nominal maximum size aggregate?
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STANDARD PRACTICE FOR SUPERPAVE VOLUMETRIC MIX DESIGN
FOP FOR AASHTO R 35

Significance

This FOP for Superpave volumetric mix design uses
aggregate and mixture properties to produce a hot-
mix asphalt (HMA) job-mix formula based on the
volumetric properties in terms of air voids (V3), voids
in mineral aggregate (VMA), and voids filled with

asphalt (VFA).
SUPERPAVE Gyratory 0?2 Sco pe
Compactor . o
oy o Superpave design and analysis includes:
ﬁ'1 / e Volumetric mix design
[E==+ e Performance based tests
e e Performance prediction

This FOP provides the basic steps needed to produce
an HMA mixture that meets the Superpave HMA
volumetric mix design requirements.

The Superpave gyratory compactor is the method of
compaction for laboratory and field control testing
and evaluation of the HMA mixtures.

03 Mix Design Overview

The major steps that must be conducted for the
successful completion of the Superpave mix design
process are:

e Evaluating trial gradations
e Selection of optimum binder content

04 Prerequisite Tests

e AASHTO T 2 Sampling of Aggregates

e AASHTO T 248 Reducing Samples of
Aggregate to Testing Size

e AASHTO T 11 Materials Finer than 75um
(No. 200) Sieve in Mineral Aggregate by
Washing

e AASHTO T 27 Sieve Analysis of Fine and
Coarse Aggregates

e AASHTO T 84 and T 85 Specific Gravity of
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Fine and Coarse Aggregates

Definition of Terms

e Gmm = theoretical maximum specific gravity

e Gmp = measured bulk specific gravity

e Gy (OD) = oven-dry bulk specific gravity of
aggregate

o Gg = apparent specific gravity of aggregate

o G = effective specific gravity of aggregate

e Gy = specific gravity of the binder

o V, = air voids

e VMA =voids in mineral aggregate

e VFA  =voids filled with asphalt (binder)

o Vp = absorbed binder volume

o Vi = effective binder volume

o Py = percent binder content

o P = percent absorbed binder

o Ppe = percent effective binder content

o P = percent of aggregate

o Poo75/Pye = dust to effective binder ratio

e RAP = Reclaimed Asphalt Pavement

e Nominal Maximum Aggregate Size:

One sieve size larger than the first sieve to
cumulatively retain more than 10%

e Maximum Aggregate Size:
One sieve size larger than the nominal
maximum aggregate size

e Design ESALSs:
Design equivalent 18,000 Ib (80kN) single axle
load

Note: Design ESALSs are the anticipated project traffic
level expected over a 20-year period. For pavements
designed for more or less than 20 years ESALSs should
be calculated for a 20-year design life.

Selecting Design Aggregate Structure
1. Establish trial blends
2. Establish initial trial binder content
3. Compact trial blend specimens
4. Evaluate compacted trial mixtures
5. Select the best design aggregate structure

SMD 3-4 January 2009



SUPERPAVE

08_R 35_09.doc

10

11

UDOT/TTQP AASHTOR 35

Establish Trial Blends

Specifications for aggregate gradation are usually
given as upper and lower limits on certain sieve sizes.
Within these upper and lower limits, numerous
aggregate gradations can be fabricated.

Any Combined Gradation which meets AASHTO
M 323 gradation controls is acceptable as a trial blend
(see Table 3 of FOP for AASHTO M 323).

Select a minimum of 3 blends for design work
Check all three blends against aggregate
specifications

Preparing Aggregate Blend Gradations

1.

Using
combi

Select binder in accordance with

AASHTO M 320

e Obtain specific gravity of binder (Gp)
(AASHTO T 228)

Obtain samples of aggregate from proposed

stockpiles and reduce to testing size

(AASHTO T 2 & T 248)

Wash and grade the samples
(AASHTO T 11/T 27)

Determine bulk and apparent specific gravities,
Gsh(OD) & Gg,, for each fine and coarse
aggregate portion (AASHTO T 84 and T 85)

Obtain the specific gravity of mineral filler
(AASHTO T 100)

the following equation, determine the
ned aggregate gradation of each blend:

P=Aa+Bb+Cc+...... Nn

Where:

P

= percent passing for combined
aggregates

A, B, C...N = Percent passing for aggregates A, B,

a,bc...

C, etc. expressed as percentages

n = Percentage of aggregates A, B, C
used, expressed as a decimal, totaling
1.00

Calculate absorption of the combined aggregate using
the above formula, replacing individual aggregate
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absorptions for the values of A, B, C, ...N.

The three trial aggregate blend gradations are plotted
on a 0.45-power gradation analysis chart. Confirm
that each trial blend meets Tables 3 and 4 of the FOP
for AASHTO M 323.

Figure 1 is an example of a gradation plot of three
acceptable trial blends.

Figure 1

12

1/2"" Nominal Mixture

120
100 e
Trial Blend 1\;//;%/'
2 80 =7
2 o v
o ° e
£ 10 7 _A>"— Trial Blend 2
—~
/¢ﬁ?/\ Trial Blend 3
=
20 =
=
(s
0 -
#200 #8 1/2"

SIEVE SIZE Raised to 0.45

13
Check Blends for Compliance

Conduct quality tests on each trial blend to confirm
they meet minimum quality requirements specified in
Table 5 of the FOP for AASHTO M 323.

e Coarse Aggregate Angularity
(ASTM D 5821)

e Fine Aggregate Angularity
(AASHTO T 304)

e Sand Equivalent (AASHTO T 176)
e Flat and elongated particles (ASTM D4791)

NOTE: The designer may elect to perform quality tests on each
stockpile and estimate the combined results.
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Table 1 — Aggregate Blending Worksheet

Product Percentage of Products Used (Decimal)
Identification| Blend | a b c d
No. 1 | (1/2") | (3/8™) | (1/4") | (Fine)
A (1/2") 0.20 | 0.20
B (3/8") 0.28 0.28
C (1/4") 0.12 0.12
D (Fine) 0.40 0.40
Total 1.00 0.20 0.28 0.12 0.40
Graang o 12 12 )
Sieve Size [Comb.|Individual Product Contributions]| Sieve Size A B c D
a/2n | (318" | (/4™ | (Fine)
1" 100 20.0 28.0 12.0 40.0 1" 100 100 100 100
3/4" 100 20.0 28.0 12.0 40.0 3/4" 100 100 100 100
1/2" 98 18.2 28.0 12.0 40.0 1/2" 91 100 100 100
3/8" 81 2.4 26.9 12.0 40.0 3/8" 12 96 100 100
No. 4 55 0.4 5.6 9.0 40.0 No. 4 2 20 75 100
No. 8 45 0.4 4.2 25 38.0 || No. 8 2 15 21 95
No. 16 34 0.4 1.4 1.2 31.2 No. 16 2 5 10 78
No. 30 20 0.2 0.6 0.6 18.4 No. 30 1 2 5 46
No. 50 11 0.2 0.6 0.4 10.0 No. 50 1 2 3 25
No. 100 8 0.2 0.6 0.4 7.2 No. 100 1 2 3 18
No. 200 4.8 0.1 0.4 0.2 4.1 No. 200 0.3 15 2.0 10.3
Combined Specific Gravity and Absorption Data Individua;llnﬁi\jggtgz%?;%jnpgi{;: Gravity
Gsb (OD) 2.623 | 0.525 | 0.734 | 0.315 1.049 || Gs» (OD) 2.643 2.641 2.589 2.610
Gsb (SSD) | 2.643 | 0529 | 0.740 | 0.317 | 1.057 || G (SSD) | 2.655 | 2.654 | 2.626 | 2.635
Gsa 2.677 | 0.535 | 0.750 | 0.321 1.071 || Gsa 2.673 2.676 2.689 2.677
Absorption | 0.684 | 0.080 | 0.126 | 0.118 0.360 || Absorption 0.40 0.45 0.98 0.90

Additional Design Information for Calculation of Py,
Binder Specific Gravity G, |1.022
Log S, (12.5) [1.0969
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Establish Initial Trial Binder Content

The initial trial binder content is established to
provide a good starting point for the mix design
process. The binder content is estimated based on the
theoretical relationship between aggregate properties
and volumetric properties of the mix.

Estimate the binder content that will result in the trial
compacted specimens having air voids close to 4% at
Nges by using the following steps:

1. Obtain the binder specific gravity (Gp)

2. Calculate bulk specific gravity of the
aggregate blend (G¢,0D), and apparent
specific gravity of the aggregate blend (Gs,)

3. Estimate effective specific gravity of
aggregate, Gse est, USING:

e Oven-dry bulk specific gravity of the
aggregate blend, Gg,(OD)

e Apparent specific gravity of the aggregate
blend, Gsa

4. Calculate volume of absorbed binder, Vp,
5. Calculate volume of effective binder, Ve
6. Calculate trial binder content, Py

Specific Gravity of Blend

The Gg(OD) and G, (oven-dry bulk specific gravity
and apparent specific gravity) of each blend are
determined using the law of partial fractions in two
different ways:

a) Measure the specific gravity of the individual
stockpiles and use the stockpile percentages to
determine the blend’s specific gravity; or,

b) Measure the specific gravity directly on the
trial blends.

Approach b) is more direct than a) because the
measured specific gravity represents the exact blend,
although the specific gravity would need to be
determined again after any gradation changes.
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16

3 Po+ Py +Py+, P
G (OD)= Py Py Ps Pn
Gsb(OD);  Gsb(OD), Gsb(OD); Gsb(OD),,
G - P+ Py +Py+ Py
sa P N P, N P3 _ P,
Gsa; Gsap Gsag Gsap,
Where:
P1, P2, Ps, ...... Pn = Percentage of each aggregate used (totaling 100)
Gy, Gy, G, ...... Gy, = Specific Gravity of each aggregate (bulk or apparent)

Calculation Examples using data from Table 1 — Aggregate Blending Worksheet 17

100
G4 (OD) = 20 28 12 40
+ + +
2.643 2.641 2589 2.610
G - 100
. 20 28 12 40

+ + +
2.673 2676 2.689 2.677

08_R 35_09.doc SMD 3-9
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18 Estimated Effective Specific Gravity of
Aggregate

The effective specific gravity of aggregate
describes the ability of the aggregate blend to
absorb the binder. It is calculated using an
empirical relationship between the oven-dry bulk
specific gravity and the apparent specific gravity
of the blend. A highly absorptive aggregate
absorbs more binder, which in turn reduces its
effective specific gravity because the binder is
lighter than the aggregate particles.

Gse_est — Gsb(OD) + (OS(G sa Gsb(OD) )) )

where:
Gse est = Estimated effective specific gravity of the aggregate blend
Gs(OD) = Bulk specific gravity (oven-dry) of the aggregate blend
Gea = Apparent specific gravity of the aggregate blend

Note: The 0.8 factor can be changed at the designer’s discretion. Absorptive
aggregates may require a factor closer to 0.5-0.6.

Calculation Example (Specific Gravity data from calculation examples on previous page)

20

G, ., =2623+(08(2677—2623))= 26662, say 2.666

se_e
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Estimated VVolume of Absorbed Binder

Estimate the volume of binder absorbed into the aggregate
(First calculate the value of Ws, then Vyy)

Ps (1 _ Va) 21
WS - F)b F)s
_I_
G b G se_est
1 1

Vba Ws _
G,(O0D) G

se_est

where:
W, = Mass of aggregate (grams) in 1 cm® of mix
Vba = Estimated volume (cm®) of absorbed binder in 1 cm® of mix
Ps = Mass percent of aggregate estimated, in decimal equivalent (assumed to be
0.95)
Va = Volume of air voids (assumed to be 0.04 cm® in 1 cm® of mix)
Py = Mass percent of binder estimated, in decimal equivalent (assumed to be 0.05)
Go = Specific gravity of the binder

Gse et = Estimated effective specific gravity of the aggregate blend
Gsb(OD) = Bulk specific gravity, oven-dry, of the aggregate blend
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Estimated VVolume of Effective Binder

Only the binder not absorbed into aggregate pores is available to bind the aggregates. This
is referred to as the “effective binder.”

V,, = 0.176-(0.0675x Log(S,)) 2

e

Ve = Volume of Effective Binder
Sn = Nominal Maximum Size of aggregate blend (mm)

NOTE: This regression equation is derived from an empirical relationship between: (1)
VMA and Ve when the V, (air void content) is equal to 4.0 percent: Vp=VMA-V =VMA-
4.0; and (2) the relationship between VMA and the nominal maximum sieve size of the
aggregate in M 323.

Trial Binder Content

Using the binder specific gravity, calculated volumes of effective and absorbed binder, and
mass of aggregate per cm® of mix, the trial binder content can be determined for each trial
blend.

G, (Vbe + Vi )
(G b (Vbe + Vba )) + Ws

P, =100

where:
Ppi = Initial trial binder content (percent by weight of total mix)
Gp = Specific gravity of the binder
Vpe = Estimated volume of effective binder
Vpa = Estimated volume of absorbed binder
W; = Mass of aggregate (grams) in 1 cm® of mix

Mix design software can be used to determine the initial trial binder content for each trial
aggregate blend. If necessary refer to Appendix X1 of AASHTO R 35.
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AASHTOR 35

Calculation Examples — (Using data from Aggregate Blending Worksheet — Table 1)

Mass of aggregate (grams) in one cm® of mix

Formula:
W. = Ps(l_va)
) Pb Ps
+
Gb Gse_est
Calculation Example:
~(0.95)(0.96)
W, =5z 0% = 2.2503927
1.022 2.666

Volume of absorbed binder (cm®) in one cm® of mix

Formula:
~ 1 1
ba s B
Gsb (O D) se_est
Calculation Example:
1 1
V,, = 2.2503927 = =0.0138378
2.623 2.666
08_R 35 _09.doc SMD 3-13
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Volume of effective binder (cm®) in one cm?® of mix 26

Formula:

V,, =0.176 — (0.0675 x Log(S,,))

Calculation Example:

V,, =0.176 — (0.0675 x1.0969) = 0.1019593

Estimated binder content for the trial mixture 27
Formula:
G, (Vbe +Vp, )
P, =100
(G b (Vbe + Vba )) + Ws

Calculation Example:

P =100 1.022 (0.1019593 +0.0138378)

, =4.996, say 5.00
(1.022 (0.1019593 + 0.0138378)) + 2.2503927
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28 Compact Trial Blend Specimens

1. Prepare at least two replicate specimens at
the initial trial binder content for each of
the trial blends.

29 Note: 4500 to 4700 grams of aggregate will usually be
sufficient to compact specimens of 110 to 120mm height.
Trial specimens may be necessary.

2. Prepare replicate specimens for theoretical
maximum specific gravity (Gmm)
(FOP for AASHTO T 209).

3. Mix and condition the loose mix
(FOP for AASHTO R 30).

30 Mixing temperature: the middle of the range of
temperature which the binder’s kinematic viscosity is
0.17 £ 0.02 Pa-s.

4. Obtain Nini, Nges and Npax from Table 2 or
the specifying agency.

Note: It may be advisable to .
compact an additional specimen to 5. Compact specimens to Naes

the Ninax NUmber of gyrations for (FOP for AASHTO T 312).

each trial blend to assess 6. Determine the bulk specific gravity (Gmp)

conformance with the requirement .
at that number of gyrations. This of each specimen (FOP for AASHTO

will avoid continuing with a mixture T 166 or T 275).
';hat does not comply with all 7. Obtain the theoretical maximum specific
pecified requirements. . L
gravity (Gmm) for each combination from
the companion samples.

31 The Superpave volumetric mix design method
uses gyratory compaction to fabricate the HMA
specimens. The level of compaction in the
Superpave Gyratory Compactor (SGC) is based
on the design traffic that represents the 20-year
design ESALSs. The higher the design number of
ESALs, the greater the number of required
gyrations (See Table 2).

08_R 35 _09.doc SMD 3-15 January 2009



SUPERPAVE UDOT/TTQP AASHTOR 35

Table 2 — Superpave Gyratory Compaction Effort

32,33
Design Compaction Parameters
1 ; TS
ESA!_S_ Nini Naes Ninax Typical Roadway Application
(million)

Applications include roadways with very
light traffic volumes such as local roads,
county roads, and city streets where truck
<0.3 6 50 75 | traffic is prohibited or at a very minimal
level. Traffic on these roadways would be
considered local in nature, not regional,
intrastate, or interstate. Special purpose
roadways serving recreational sites or areas
may also be applicable to this level.

Applications include many collector roads
0.3to <3 7 75 115 | or access streets. Medium-trafficked city
streets and the majority of county roadways
may be applicable to this level.

Applications include many two-lane,
multilane, divided, and partially or
3t0<30 8 100 160 | completely controlled access roadways.
Among these applications are medium to
highly trafficked city streets, many state
routes, US highways, and some rural
interstates.

Applications include the vast majority of
the US Interstate system, both rural and
>30 9 125 205 | urban in nature. Special applications such
as truck-weighing stations or truck-
climbing lanes on two-lane roadways may
also be applicable to this level.

Q) The anticipated project traffic level expected on the design lane over a 20-year period. Regardless of
the actual design life of the roadway, determine the design ESALSs for 20 years.

2 As defined by “A Policy on Geometric design of Highways and Streets, 1994, AASHTO.
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Evaluate Compacted Trial Mixtures
Determine the volumetric requirements according to Table 3

V, Calculation VMA Calculation

(Air void is defined as the volume of the total HMA mix (VMA is defined as the percent of volume of total
occupied by air in percent. It is calculated using the bulk  mix that is not occupied by aggregate. It is the

specific gravity (Gnp) and the maximum theoretical percent of volume of total mix occupied by the
specific gravity (Gpm). effective binder and air).
34 35
G G P
V, =100x|1-| = VMA =100 —| —mb-s_
Gimm G_ (OD)
Calculate Air Void Content for each blend: Calculate Voids in Mineral Aggregate
(VMA) for each blend:
Where:
Gmb = Bulk specific gravity of the extruded specimen
Gmm = Theoretical maximum specific gravity of the mix
Ps = Percent of aggregate in the mix = 100 - Py;

Gsp(OD) = Bulk specific gravity (oven-dry) of the combined aggregate

Calculation Examples:

36 37
V, =100 x| 1- 2398 1| _ 4 86% VMA =100/ (2348)(95.00) ) oa0c
2.468 2.623
where:
Gmm = 2.468 Measured Theoretical Maximum Specific Gravity at Trial Binder
Content
Gmb = 2.348 Measured Average Bulk Specific Gravity of the Compacted
Specimens
Ps =095.00 Percentage of Aggregate in the Trial Mixture

Gs(OD) = 2.623 Bulk Specific Gravity, oven-dry, of the Aggregate Blend
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Evaluating Volumetric Mixture Properties 38

Although initial binder content was estimated for an air void content of 4.0% it is unlikely
the actual air void content is exactly 4.0%. In this case, a change in binder content is
needed to obtain 4.0% air voids. The VMA change caused by the binder content change is
estimated. These calculations permit the evaluation of VMA and VFA of each trial blend
gradation at the same design air void content, 4.0 percent. Mix design software is
generally used for these adjustments.

Estimating the Volumetric Properties at 4.0 percent Air Voids

1. Determine the difference in average air void content at Nges and 4.0% (AV,)

Difference in Air Voids

AV, =40-V,

39

Va = Air void content of the trial aggregate gradation at Nges
AV, = Change in air void content

2. Estimate the change in binder content (AP,) needed to change the air void content
to 4.0%

Change in Binder 40
AP, =—-0.4(AV,)

APy = Change in binder percent

08_R 35 _09.doc SMD 3-18 January 2009



SUPERPAVE UDOT/TTQP AASHTOR 35

3. Calculate the new estimated binder content (Py,_est) required to achieve 4.0% air

voids
4
New Estimated Binder Content
P =P +AP
b _est bi b
Py est = Binder content estimated for 4.0% air voids
Poi = Trial binder content actually used for blend
AP, = Change in binder percent
4. Estimate the change in VMA (AVMA) caused by the change in air void content
(AV,) using the appropriate calculation below
42
Change in VMA
AVMA = OZ(AVa) For V,> 4.0%
or,
AVMA — —Ol(AVa) For V,< 4.0%
5. Calculate the VMA at Nges and 4.0% air voids
43

VMA at Ndes

VMA =VMA,., +AVMA

design tria

where:

VMAesign = VMA estimated at 4.0% air voids
VMAgia = VMA atinitial trial binder content
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6. Using the value of AV, estimate the relative density at Ni, when the air void
content is adjusted to 4.0% at Nges
44
Relative Density

Gmphy

NG mm_initial = 100x —AV,
mm* i
where:
%Gmm_iniia = Relative density at Ny at the adjusted binder content
hq = Height of specimen after Nges gyrations
hi = Height of specimen after Ni,; gyrations

7. Calculate the actual Effective Specific Gravity (Gs) using measured Gmm

45
Actual Effective Specific Gravity
G = I:)mm B I:)b
se

I:)mm . F)b

G mm G b
where:
Gse = Actual effective specific gravity
Gmm = Measured theoretical maximum specific gravity of mixture
Pmm = Percent by mass of total loose mix = 100
Py = Binder content at which Gy, was performed

Go = Specific gravity of binder
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8. Estimate the percent of effective binder (Ppe est) and calculate the dust-to-binder

ratio
% Effective Binder 46
G w G “ (OD)
A t=—(P xGb) +Pb t
e_es S G xG (OD) _es
se sb
where:
Phe_est = Estimated effective binder content
Ps = Aggregate content, adjusted to 4.0% air voids = 100 - Py, et
Gp = Specific gravity of binder
Gee = Actual effective specific gravity of aggregate
Gsp(OD) = Bulk specific gravity, oven-dry, of the combined aggregate
Pp_est = Estimated binder content to achieve 4.0% air voids
9. Estimate the dust to effective binder ratio 47
Dust to Binder Ratio:
; I:)O 075
dust — to — binder = —="=-
be est
where:

Poo7s = Percent passing the #200 sieve
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Calculation Examples (Estimating VVolumetric Properties at 4.0% Air Voids)

Given: 48

Ppi =5.00% (from previous example, page 3-12)
Va = 4.86% (from previous example, page 3-15)
VMA =14.96% (from previous example, page 3-15)

Poors =4.8% (minus No. 200 material from aggregate blend, page 3-5)
hq =115.7 mm (average height at Nges number of gyrations)

hi =127.1 mm (average height at Nj, number of gyrations)

Gmp =2.348 (measured average G, of extruded specimens)

Gmm =2.468 (measured Gym of mix at Py;)

Go =1.022 (binder specific gravity)

Difference in Air Voids 45

Difference in average air void content at Nges and 4.0% (AV,)
Formula:

AV, =40-V,

Calculation Example:

AV, =4.0-4.86=-0.86

V., = air void content of the trial aggregate gradation at Nges
AV, = change in air void content
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Change in Binder Content
50

Estimated change in binder content (AP,) needed to change the air void content to 4.0%
Formula:

AP, =—0.4(AV,)

Calculation Example:

AP, = —0.4(-0.86) = 0.34

APy, = change in binder percent

Estimated Binder Content to Achieve 4.0% Air Voids 51

Calculate the new estimated binder content (Py_est) required to achieve 4.0% air voids
Formula:

Pb_est =P + AP

Calculation Example:

I:)b_est =5.00+0.34=5.34

Py est = binder content estimated for 4.0% air voids
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Change in VMA -

Calculate the change in VMA at 4.0% air voids. Since V, was greater than 4.0, use the
appropriate formula

Formula:

AVMA =02(AV,)

Calculation Example:
AVMA = 0.2(-0.86) = -0.17
AVMA = change in VMA

VMA a.t Ndes
53

Calculate the VMA adjusted to 4.0 air voids in the mixture

Formula:

VMA,.... = VMA,, + AVMA

esign

Calculation Example:

VMA, . =1496+(-017) =14.79

design

VMAesign = VMA estimated at 4.0% air void
VMAgia = VMA at initial trial binder content
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Relative Density at Njp;

Using the value of AV, estimate relative density at Nj, when the air void content is
adjusted to 4.0% at Nges

Formula: 61

G ph
%Gmm_initialzlOOX —mpd —AV,

mm' i
Calculation Example:
2.348x115.7
%G mm_initial =100 ( YTT™TT 1) —(-0.86)=87.5

%Gmm initial = Relative density at Nin; at the adjusted binder content
hg = 115.7 mm (Height of specimen after Nges gyrations)
hi = 127.1 mm (Height of specimen after N;,; gyrations)
AV, = -0.86 (Change in air void content)

Actual Effective Specific Gravity

55
Calculate the actual Effective Specific Gravity (Gs) using measured Gym
Formula:
G = I:)mm T I:)b
7P P
mm _ 'b
G mm G b
Calculation Example:
100-5.00
G, = — 2.6666, say 2.667
100  5.00
2.468 1.022
where:
Gse = Actual effective specific gravity
Gmm = 2.468 (Measured Theoretical Maximum Specific Gravity)
Pmm =100 (Percent by mass of total loose mix)
Pp =5.00 (Binder Content at which Gy, was performed)
Gp = 1.022 (Binder Specific Gravity)
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Percent Effective Binder 56
Estimate the percent of effective binder (Ppe est)

Formula:

<6 8= Ca(9D)
b

__(P G G (OD +Pb est
se>< sb( ) -

be est S

Calculation Example:

2.667 —2.623
Poe st = —(94.66x1.022 +5.34=4.73
- 2.667 x 2.623
Phe_est = Estimated effective binder content
Ps = Aggregate content, adjusted to 4.0% air voids = 100 - Py, et
Gp = Specific gravity of binder
Gee = Actual effective specific gravity of aggregate
Gsp(OD) = Bulk specific gravity, oven-dry, of the combined aggregate
Pp_est = Estimated binder content to achieve 4.0% air voids
Dust to Binder Ratio: 57

Estimate the dust to effective binder ratio
Formula:

P
dust — to — binder = —29755

be est

Calculation Example:

dust — to — binder = 4—'8 =1.01
4.73

Poo7rs = Percent passing the #200 sieve
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Select the Best Design Aggregate Structure %8

Select the aggregate grading that best complies with all required Superpave properties for
the next phase of the mix design process: the Optimum Binder Selection.

Selection of Design Aggregate Structure (Example) 59
Trial Mixture (1/2” Nominal Maximum Aggregate)
20-year Project Design ESALs =5 million
VF())Iume':rlc 1 1 i 2 : 3 Criteria
roperty At initial trial binder content
Pp(trial) 5.1 5.0 4.9
0A)Gmm initial
(trial) 88.4 86.6 85.0
0/()Gmm des
(trial) 95.9 95.14 94.2
VMAgial 13.9 14.96 15.9
Adjustments to reach design binder content
(Va=4.0% at Ndes
AV, -0.1 -0.86 -1.8
APy 0.0 0.34 0.7
AVMA 0.0 -0.17 -04
At the estimated design content (V;=4.0% at Nges)
Estim P
stimated P, 5.1 5.34 5.6
(design)
VMA
. 13. . 15. >14.
(design) 3.9 14.79 5.5 >14.0
0A)Gmm initial
. . . . <89.
(design) 88.5 87.5 86.8 <89.0
Notes: The top portion of this table presents measured densities and volumetric properties for specimens
prepared for each trial aggregate blend at the initial trial binder content.
None of the specimens had an air void content of exactly 4.0 percent. Therefore, the procedures
for adjustments were applied to: 1) estimate the design binder content at which V,=4.0%, and 2)
obtain adjusted relative density values at this estimated binder content.
The middle portion of this table presents the change in binder content (AP,) and VMA (AVMA)
that occurs when the air void content (V,) is adjusted to 4.0 percent for each trial aggregate blend
gradation.
The comparison of the VMA and densities at the estimated design binder content to the criteria
in the last column shows that trial aggregate blend #1 does not have sufficient VMA (13.9%
versus a requirement of >14.0). Trial blend #2 and Trial #3 meet the requirements for relative
density and VMA and, in this example, either may be selected as the design aggregate gradation.
Trial Blend #2, shown in bold, was used for examples presented in the text.
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Selecting Optimum Binder Content

The steps for selecting the optimum binder
content are:

Identify Mixtures

Fabricate Specimens

Compact Specimens to Nges

Evaluate VVolumetric properties at Nges
Select Optimum Binder Content
Compact Replicate Specimens to Nmax
Evaluate VVolumetric Properties at Npmax

Identify mixtures

Prepare a minimum of two replicate samples at
each of the following four binder contents:

Estimated design binder content Py s
0.5 percent below Py et
0.5 percent above Py est
1.0 percent above Py est

Fabricate and Compact Specimens

e Mix and age specimens
(FOP for AASHTO R 30)

e Select compactive effort (gyrations)

e Compact replicate specimens
(FOP for AASHTO T 312)

1. Minimum of 2 specimens at each of
the 4 binder contents

2. Compact the specimens to Nges
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5 Evaluate Volumetric Properties at Nges

e Obtain height vs. number of gyrations for
each specimen.

e Determine the bulk specific gravity (Gmp)
of each specimen according to the FOP for
AASHTO T 166 or T 275 as appropriate.

e Obtain the theoretical maximum specific
gravity (Gmm) according to the FOP for
AASHTO T 209 for each combination
from separate samples that have been
mixed and conditioned in the same
manner as the compacted specimens.

6 e For each of the four mixtures prepare a
SAMPLE ESES'EF'CAT'ON densification curve, representing % Gum
. versus number of gyrations.
7

x
& 83.0%
g 6

79
75

1 10 100
Number of Gyrations

8 Volumetric Properties

Using the data from the replicate specimens,
calculate the following for each of the four
mixtures:
e V,
VMA
VFA
Po.075/Pbe
Density

Note: The volumetric properties are determined for each
specimen and then averaged for each replicate mixture.

Calculate the Voids Filled with Asphalt (Binder)

VFA =100 x (M] 9

VMA
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Calculate the dust to binder ratio

P
dust — to — binder = 22 10

be
where:

Ppe = Effective binder content

Determine the average corrected specimen relative densities at Nini (% Gum initiat) fOr each
of the four mixtures

G ph
0 — ~mb''d
G mminitial =100 _ 1
mm* i
where:
%Gmminiiar = Relative density at Njp;
hq = Height of specimen after Nges gyrations
h; = Height of specimen after N;,; gyrations
12 Data Presentation

e Plot the average V., VMA , VFA and
relative density at Nges for replicate
specimens versus binder content.
Superpave software, or any spreadsheet
software, can be used to generate the
plots.

13 Select Optimum Design Binder Content

e Determine the binder content to the
nearest 0.1 percent that corresponds with
the target V, of 4.0 percent, by graphical
or mathematical interpolation. Report as
the design binder content (Py).
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Air Voids (V,) 14

Voids vs. Binder Content

AN

‘\5.2\
5

4.1

2.7

Void Content, %

4.5 5 5.5 6 6.5

Binder Content, %

Air voids typically decrease as the percent binder content increases. On the graph the 4% V, target s the
horizontal line across the chart. The optimum binder content is the content at the point where the 4% criterion
line intersects the air voids versus the binder content curve.

15 Check Properties at Optimum

e By interpolation or calculation obtain
VMA, VFA, Py075/Ppe and density at the
selected optimum binder content.

e Check the VMA, VFA and Py g75/Pp
against the Superpave design criteria in
Table 3.
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Voids in Mineral Aggregate (VMA) 16

VMA vs. Binder Content

16
15.5 \1 53

15 | 14 R/

4.5
14.5 143

VMA, %

14

13.5

13 I I I I I I I I I I I I I I I I I I I
4.5 5 9.5 6 6.5

Binder Content, %

The VMA decreases to a minimum value as binder content increases until the addition of more binder begins
to push the aggregate apart, after which the VMA increases as more binder is added. On this graph the VMA
target is shown as a horizontal line (14%) across the chart. In this example all mixtures meet the Superpave
VMA criterion.
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Voids Filled With Asphalt (Binder) (VFA)

AASHTOR 35

17

VFA, %

VFA vs. Binder Content

95

90 864
85 811 /
80 0/

75 Fdt

70 66-
65 //

60
55

50 —

5 55 6
Binder Content, %

The VFA increases as the binder content increases. On this graph the VFA criterion is shown in terms of
a minimum and maximum line across the chart. The % VFA at the selected design binder content should

fall within the VVFA criterion lines.

08_R 35_09.doc

SMD 3-33

January 2009



SUPERPAVE

Density, Kg/m3

UDOT/TTQP AASHTO R 35
Density at Nges 18
Density vs. Binder Content
2400
2373 2373
=" P —
234/
2350

2325

2300

4.5

5 5.5 6

Binder Content, %

The density increases as the percent binder content increases up to a maximum and then it begins to decrease.
This indicates that the binder is replacing the aggregate particles in the matrix.
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19 Determine % Gm initial at Pp

1. Examine the plot of air void content
versus binder content.

2. Determine the difference in air voids
between 4.0 percent and the air void
content at the nearest, lower binder
content.

3. Determine the air void content at the
nearest, lower binder content at its data
point, not the line of best fit.

20 4. Designate the difference in air void
content as AV,.

5. Determine the average corrected specimen
relative density at Nin; at the nearest, lower
binder content (below 4.0% air voids).

6. Calculate %Gmm(initialdesign. Confirm that
the calculated value satisfies the design
requirements in table 3 at the design
binder content.

Gph
0 — ~mb'd
mm' i
where:
%Gmminiiar = Relative density at Nip
hq = Height of specimen after Nges gyrations
hi = Height of specimen after Ni,; gyrations
0 —0 _
/OGmm(initiaI)design - A)Gmm(initial) A\/a 22
where:

%G mm initial =%0 Gmm at Nini at the nearest lower binder content
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Calculation Examples — (See Voids vs. Binder Content Data, page 3-29)
Calculate %G mm initial at the nearest lower binder content (4.8% binder content)

where:

Gmm at 4.8% Binder Content
Gmp at 4.8% Binder Content
hq at 4.8% Binder Content
h; at 4.8% Binder Content

Formula:

0
A)Gmminitial

Calculation Example

YG mminitial =100 (

Calculate %G mm(initial)design
where:

V/, at nearest lower binder content

=2.476
= 2.347
=115.7 mm
=127.5mm

=100x Gmphy

mm''i

2.347x115.7
2.476x127.5

5.2%

AV, = —-1.2% (4.0-5.2)
Formula:
%G mm(initial)design = 0/OGmm(initial) - A\/a
Calculation Example:
%G mm(initiadesign — 86.0 - (_12) =87.2 23

24

08_R 35_09.doc

Measure %G, at Npmax

1. Prepare replicate specimens:
a. Using the selected aggregate structure
b. At the optimum binder content

2. Mix and condition the mixtures according
to the FOP for AASHTO R 30.

3. Compact the specimens to Nmax according
to the FOP for AASHTO T 312.
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%G

where:

mmmax

UDOT/TTQP AASHTOR 35

4, Measure the bulk specific gravity (Gmp) of
the replicate specimens.

5. Determine the average corrected specimen
relative densities at Nimax (%Gmm max)-

6. Confirm that % Gum max Satisfies the
design requirements in Table 3 at the
design binder content.

=100 S
G

mm

%Gmm max = relative density at Nmax gyrations at the design binder content

26

27
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Evaluate Moisture Susceptibility

Evaluate moisture susceptibility by testing
replicate specimens in accordance with the FOP
for AASHTO T 283.

Note: If the tensile strength ratio is less than 0.80 then
remedial action is required. If remedial agents are used
such as anti-strip agents or mineral admixtures, retest the
mix to assure compliance with the 0.80 minimum
requirement and verify the volumetric properties.

Check Superpave Criteria

e Check all properties at the selected
optimum binder content against the
Superpave criteria:

_Va

-VMA
-VFA
—Po.075/Phe
% C':‘mm initial
-% Gmm max

e Final design should meet all Superpave
criteria in Table 3.
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Table 3 — Superpave HMA Design Requirements 28
Required Relative
i [0)
D'?Ezggegci?acl)f Voids in Mineral Aggregate’ N
: e Percent Minimum S o
Maximum Specific £ e =
Design Gravity) = &
Esals' . . . 3T | B
Nominal Maximum Aggregate Size 2 <
(million) gare 4| E
i [oa)
Nini Ndes Nmax 8 % _é “
Q c = D
1%” | 17 | 3/4" | 12" | 38" | #4 | 22 | B¢
S< | Oc
<0.3 <915 70-80*
0.3to<3 | <90.5 65-78
3to<10 96.0° | <98.0 | 11.0 |12.0 |13.0 | 140 | 150 | 16.0 0.6-1.2
10to <30 | <89.0 65-75°
>30

(1) The anticipated project traffic level expected on the design lane over a 20-year period. Regardless of the actual
design life of the roadway, determine the design ESALS for 20 years.
(2) For 1%-inch nominal maximum size mixtures, the specified lower limit of the VFA range is 64% for all traffic

levels

(3) For #4 nominal maximum size mixtures, the dust-to-binder ratio shall be 0.9 to 2.0.
(4) For 1 inch nominal maximum size mixtures, the specified lower limit of the VFA shall be 67 percent for design

traffic levels < 0.3 million ESALs.

(5) For design traffic levels >3 million ESALSs, 3/8 inch nominal maximum size mixtures, the specified VFA range
shall be 73 to 76 percent and for #4 nominal maximum size mixtures shall be 75 to 78 percent.

(6) Corresponds to an Air VVoid Content (V) of 4.0%.

(7) VMA greater than 2% above the minimum should be avoided.

08_R 35_09.doc

29

Adjusting the Mixture to Meet Properties

Adjusting VMA. To change the design aggregate
skeleton to meet specified VMA, there are three
likely options:

1. Change the gradation, only if the trial

aggregate blend gradation analysis did not
include the full spectrum of the gradation
control area.

Reduce or increase the minus #200
fraction, (reduction will increase VMA,
increase will lower VMA). This is only
viable if the minus #200 is not already at
the lower or upper limits.

Change the texture and /or shape of the
aggregate fractions; this would require
further processing of existing material or a
change in aggregate sources.
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30 Adjusting VFA. The lower limit of the VFA
range should always be met at 4.0 percent air
voids if the VMA meet the requirements. If the
VFA is too high then the VMA will be too high.
If so, redesign the mixture to reduce VMA.

Options include:

1. Change gradation so that it is closer to the
maximum density line.

2. Increase the minus #200 fraction if there is
room within the specification control
points.

3. Change the surface texture and shape of
the aggregates.

31 Adjusting the Tensile Strength Ratio. The
tensile strength ratio can be increased by:

1. Adding chemical anti-strip agents to the
binder to promote adhesion in the
presence of water.

2. Adding mineral admixtures.

32 Report

Project number
Traffic level
Mix design number
Design aggregate structure
Source of aggregate
Kind of aggregate
Source and amount of RAP
RAP quality characteristics and gradation
33 Design binder source and grade
HMA design characteristics:
Percent binder
Relative density
N values
VMA
VFA
Va
Ve and Vhba
Dust-to-binder ratio

08_R 35 _09.doc SMD 3 -39 January 2009



SUPERPAVE

Tips! 34

Check that the binder
grade matches project
climate conditions

Be sure that aggregates
obtained for the design
accurately represent
stockpiled materials

Select compactive effort
based on 20 year design
ESAL’s

Select 3 trial blends
encompassing the range of
allowable gradations

Condition Gmm samples 35
the same as for compacted
specimens

Be sure that all volumetric
properties are met before
finalizing gradation
selection

Check and re-check all
properties at Py, before
reporting data

08_R 35_09.doc
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REVIEW QUESTIONS

1. Describe the aggregate preparation steps prior to combining to a target grading.

2. How is the combined aggregate grading determined for a trial gradation?

3. How many trial aggregate gradations must be prepared?

4. What constitutes an acceptable trial aggregate gradation?

5. For design ESAL’s of 4 million, what is the number of gyrations used to compact the
specimens during the aggregate selection phase, when the nominal maximum size is %
inch and the VMA required is 13.0%?

6. Calculate the VMA when traffic level is 2.8 million ESAL’S, Gy is 2.517, Gy 1S 2.398,
Vais 4.7%, Ps is 95.2%, and Gg, is 2.639. Would this meet the requirements for a %2 inch
nominal maximum size mix?

7. Given the above noted data, calculate V,. How could this data be used in selection of
binder content for a mix design?

8. Given the data from No. 6 above, calculate the VFA. Does this meet the requirements for
a ¥ inch nominal maximum size?

9. Calculate the %Gmym at Nmax for a compacted HMA specimen where the level of
compaction was 205 gyrations, design ESAL’s were 38 million, G was 2.523, Ps was
95.9, Gg, was 2.714, and Gy was 2.482. Does this comply with Superpave HMA Design
Requirements?
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Practice Practical — R 35 Trial Mixtures

Pavement parameters

Maximum seven-day average pavement design temperature: 50°C.
Minimum pavement design temperature: -20° C.

20-year design ESAL's: 26 million

Pavement Type: Surface Course

Traffic Speed: Slow

Given:
Binder Specific Gravity: 1.020

Multiplier to be used for estimating effective aggregate specific gravity: 0.7
Test Questions

1- Using the pavement parameters shown above, determine the required binder grade and number
of gyrations for the project. Also indicate the binder grade required when 20% RAP is used.
Record in the appropriate spaces on page 3-42.

2- Individual aggregate gradations specific gravities, and absorptions are given on the aggregate
table (page 3-41). Using them, develop at least one gradation that meets the specified
requirements for a mix having a nominal maximum size of: 3/4-inch (19 mm). Record the data for
your gradation in the space shown for "Comb. Grading." Also calculate, and record in the space
provided on the table, the combined specific gravities and absorption for your blend.

3- Using the specific gravities and the appropriate formulas from R 35, calculate and record
estimated values of Gge, W5, Vpa, Vie, and the trial binder content (Py;). Space is provided on page
3-42 to record these values.

4- Using the trial mixture and compaction data for G, height, and G,,, shown on page 3-42,
calculate and/or record all values needed to evaluate the trial blend.

5- Calculate and record the volumetric properties adjusted to 4.0% voids.
6- Verify values meet the requirements of the FOP for AASHTO M 323.

Helpful information:

log 4.75 0.6767 log 19 1.2788
log 9.5 0.9777 log 25 1.3979
log 12.5 1.0969 log 37.5 1.5740

Available binders to choose from:

PG 52 -16 PG 58 -28 PG 64 -40
PG 52 -22 PG 58 -34 PG 70 -16
PG 52 -28 PG 58 -40 PG 70 -22
PG 52 -34 PG 64 -16 PG 70 -28
PG 52 -40 PG 64 -22 PG 70 -34
PG 58 -16 PG 64 -28 PG 70 -40
PG 58 -22 PG 64 -34
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Aggregate Blending Worksheet

Product Percentage of Products Used (Decimal)
Identification | Blend a b c d e
No. 1 | (3/4") | (1/2") | (3/8") | (1/4") | (Fine)

A (3/4")

B (1/2")

C (3/8")

D (1/4")

E (Fine)

Total 1.00

Grading for 3/4" (19 mm) Mix Individual Prgcri;g;licil;nstiﬁcation and
Sieve Size gr(:;gg Individual Product Contributions Sieve Size (3'21..) (1?2..) (3%..) (1/[21") (Filie)
1" 1" 100 | 100 | 100 | 100 | 100
3/4" 3/4" 100 | 100 | 100 | 100 | 100
1/2" 1/2" 10 91 | 100 | 100 | 100
3/8" 3/8" 5 12 96 | 100 | 100
No. 4 No. 4 3 2 20 75 100
No. 8 No. 8 1 2 15 21 95
No. 16 No. 16 1 2 5 10 78
No. 30 No. 30 1 1 2 5 46
No. 50 No. 50 1 1 2 3 25
No. 100 No. 100 1 1 2 3 18
No. 200 No. 200 0.2 0.3 15 20 | 103
Combined Specific Gravity and Absorption Specific Gravity and Absorption

G (OD) Gg, (OD) |2.630|2.643|2.641(2.589]2.610
Gqp (SSD) Gqp (SSD) |2.647|2.655(2.654(2.626]2.635
Gsa Gsa 2.676(2.673|2.676|2.689|2.677
Absorption Absorption | 0.53 | 0.40 | 0.45 | 0.98 | 0.90
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Trial Blend Properties

PG Binder Grade If 20% RAP is used?
Mix Gyrations:  Nipi Nges Nimax
Gese est W

Gp Vba

Pui Ve

TRIAL MIXTURE AND COMPACTION DATA

Gmm 2.492
Gyratory Height Data
Specimen 1 2 Average
@Nini 1259 1283
@Nges 1143 1171
Bulk Specific Gravity Data (Gnp)
Specimen 1 2 Average
2.367  2.359

VOLUMETRIC SUMMARY OF TRIAL MIXTURE
(Calculate using appropriate values and formulas)

Va Gee (actual Gs, not estimated value)
VMA VFA

VOLUMETRIC SUMMARY OF TRIAL MIXTURE CORRECTED TO V, OF 4.0%

Pb est design L AV, L
VMAdesign o APy o
VFAdesign L AVMA L
%Gmm initial I Ps -
Phe est Minus # 200

Dust to Binder Ratio

Properties meet Superpave requirements (Yes/No)
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R 30

GUIDELINES FOR LABORATORY
MIXING OF HOT-MIX ASPHALT (HMA)
AND MIXTURE CONDITIONING OF
HOT-MIX ASPHALT (HMA)

FOP AASHTO R 30
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GUIDELINES FOR LABORATORY MIXING OF HOT-MIX ASPHALT (HMA) AND
MIXTURE CONDITIONING OF HOT-MIX ASPHALT (HMA)

FOP AASHTO R 30

02

03

04

10_R30_09.doc

Significance

This FOP for laboratory mixing and short-term
mixture conditioning of uncompacted hot-mix
asphalt (HMA) simulates the pre-compaction
phase of the construction process.

Scope

When HMA samples are prepared in the
laboratory, proportions must be accurately
controlled and properly combined by mixing
followed by mixture conditioning. The mixture
conditioning procedure allows for asphalt binder
absorption to more accurately predict the
properties and performance of HMA. Conditioning
in the laboratory is not necessary prior to testing of
plant-produced HMA.

This FOP describes only short-term aging of
laboratory-mixed HMA intended for volumetric
mixture design and mechanical property testing.

Apparatus
e Oven(s) — Forced-draft, capable of
maintaining temperature up to 350°F.

e Balance or Scale — Of sufficient capacity
and readable t0 0.1 g.

e Thermometer(s) — Having a range from
120°F to 500°F and readable to 1°F.

e Mixer — Of sufficient capacity and design to
adequately combine all ingredients.

e Miscellaneous — Metal pans, metal spatulas
or spoons, timer and gloves, etc.

Mixing Procedure

General

Prepare a sufficient number of aggregate samples
and quantity of asphalt binder to mix the required
number of specimens and have one extra sample
for a butter batch. Mixing temperature to be
obtained from the Agency.
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06

Note 1: Aggregates may be heated
to a temperature not greater than
50°F above mixing temperature.

Note 2: Cover asphalt binder
containers. When binder reaches
mixing temperature stir it
thoroughly. Asphalt binder may
then be stored in an oven at mixing
temperature for a short period of
time, but must be adequately re-
stirred immediately prior to use.
Other heating apparatus may be
used to maintain binder temperature
provided it is demonstrated that
uniformity in temperature is
achieved without localized over- 07
heating.

Discard unused asphalt binder after
4 hours of achieving mixing
temperature. Do not reheat asphalt
binder.

08
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Determine all masses to the nearest 0.1 g.

Produce a mixture that contains thoroughly
coated aggregate.

Follow the applicable steps of the procedure
listed below for the initial batch to butter the
bowl and paddle or whip.

After buttering, discard the butter batch and
scrape bowl and paddle or whip to remove
excess material.

Follow the procedure for each subsequent
batch.

Mixing Procedure Steps

1.

SMD 4-4

Heat aggregate, asphalt binder, bowl, whip
and utensils in an oven regulated within the
mixing temperature range until temperature
has stabilized. Two to four hours are
required for aggregate to reach mixing
temperature (See Notes 1 and 2).

Prepare, mix and discard a butter batch.

Record mass of buttered bowl and paddle or
whip.

Remove paddle or whip and zero balance
with empty bowl. Introduce the aggregate
and mix thoroughly.

Form a crater in the center of the aggregate
and determine the aggregate mass.

Add sufficient asphalt binder to achieve the
desired asphalt binder content expressed as
a percent of total mix. Record the mass of
aggregate and asphalt binder actually used
for each batch.

Thoroughly mix for a minimum of two
minutes, or until complete mixing has
occurred.

Scrape material adhering to paddle or whip
into the mixed HMA.

Examine the HMA for adequacy of mixing.
If any aggregate has not been coated, mix by
hand until HMA is properly coated.

January 2009
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Remove Sample From Bowl

Note 3: The tolerance for
scraping the bow! to within
0.1% of mixed sample mass
does not preclude cleaning to a
closer tolerance. Be consistent
in cleaning the apparatus from
batch-to-batch to prevent
influencing consecutively
mixed samples.

09

10
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10. Remove mix from bowl, scraping bowl
clean. Place all HMA into a baking pan.

11. Record mass of empty bowl! and paddle or
whip. Ensure this mass agrees with the mass
of the initial buttered bowl within at least
0.1% of the sample mass of the mixed
HMA.

Examples:
4700 g HMA sample, 0.1% =4.7g
2100 g HMA sample, 0.1% =2.1¢g

12. Age according to this FOP or other specified
test procedure.

Procedures for Hydrated Lime and RAP

Method A — Hydrated Lime Slurry Induction

1. Prior to heating aggregate in step 1 of
Mixing Procedure, add hydrated lime slurry
(3:1 ratio of water to hydrated lime) to dry
aggregate.

2. Mix until uniform (two minutes minimum).

3. Heat aggregate and lime to mixing
temperature. Ensure aggregate has reached
constant mass before mixing with asphalt
binder.

4. Continue with Step 1 of mixing process.

Method B - Lime Marination
1. Prior to heating aggregate in step 1 of
Mixing Procedure, add hydrated lime slurry
(3:1 ratio of water to hydrated lime) to dry
aggregate.
2. Mix until uniform (two minutes minimum).

Hold for 24 hours.

4. Heat aggregate and lime to mixing
temperature. Ensure aggregate has reached
constant mass before mixing with asphalt
binder.

5. Continue with Step 1 of mixing process.

w
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11 Incorporation of Reclaimed Asphalt Pavement
(RAP)

Thirty minutes prior to mixing dry aggregates with
asphalt binder (step 6 of Mixing Procedure), add
RAP (at room temperature) to dry aggregate in
step 1 of Mixing Procedure. Return to oven for
remaining 30 minutes. Continue with mixing as
above.

Mixture Conditioning Procedures

12 Conditioning for Volumetric Mixture Design

Short-term mixture conditioning for volumetric
mixture design is conducted at compaction
temperature (the middle range of temperature at
which the asphalt binder’s kinematic viscosity is
0.28 + 0.03 Pa-s).

13 1. Place the mixture into a metal baking pan.

14 2. Spread the mixture in the baking pan evenly
at 1 — 2 inch thick.

15 3. Place the mixture and pan in the forced-draft

oven at compaction temperature for 2 hours
+ 5 minutes. (If using modified asphalt,
consult the supplier for the proper
compaction temperature).

4. Stir the mixture after 60 + 5 minutes to
maintain uniform conditioning.

16 5. After 2 hours £ 5 minutes, remove the
mixture from the oven.

6. The conditioned mixture is now ready for
compaction or other required testing.
Conduct required testing without delay.

Forced Draft Oven
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Tips!

Be sure that all materials
and mixing tools are
heated within the mixing
temperature range

Remember to first mix
and discard a butter batch

Check that bowl is
cleaned to within
acceptable tolerance of
initial buttered mass
(0.1% of mass of HMA
sample mixed)

Record mass of aggregate
and asphalt binder
actually used for each
sample to

01g

Plan mixing and
conditioning so that HMA
is used without delay

10_R30_09.doc
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19

20
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Pre-he

AASHTO R 30

tioning for Mechanical Property Testing
at the mixture-conditioning oven to

275 + 5°F,

1.

SMD 4-7

Place the mix in a pan of sufficient size for
the volume of HMA required for the
mechanical property testing.

Spread the mixture in the pan evenly at 1 —
2 inch thick.

Place the mixture and pan in the forced-draft
oven at 275 + 5°F for 4 hours + 5 minutes.

Stir the mixture every 60 + 5 minutes to
maintain uniform conditioning.

After 4 hours = 5 minutes, remove the
mixture from the oven.

The conditioned mixture is now ready for
required mechanical test specimen
preparation. Conduct required procedures
without delay.
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REVIEW QUESTIONS

1. Describe the procedure leading up to but prior to mixing a sample in the laboratory.

2. For laboratory mixing, how long may binder be left at mixing temperature? May binder
be reheated and used for laboratory mixed specimens?

3. Describe the required laboratory mixing procedure.

4. How thick is the layer of HMA placed in the baking pan for mixture conditioning?

5. During mixture conditioning, how frequently is the sample stirred?

6. What is the duration of mixture conditioning for laboratory specimens; for plant mixed
specimens?

7. For laboratory mixed specimens, what is the required mixture conditioning temperature?
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STANDARD METHOD OF TEST FOR
PREPARING AND DETERMINING THE
DENSITY OF THE HOT MIX ASPHALT

(HMA) SPECIMENS BY MEANS OF THE
SUPERPAVE GYRATORY
COMPACTOR

FOP FOR AASHTO T 312
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STANDARD METHOD OF TEST FOR PREPARING AND DETERMINING THE
DENSITY OF THE HOT MIX ASPHALT (HMA) SPECIMENS BY MEANS OF THE
SUPERPAVE GYRATORY COMPACTOR

FOP FOR AASHTO T 312

02 Scope

The Superpave gyratory compactor (SGC) is
used to compact cylindrical specimens of hot-
mix asphalt (HMA) by means of gyrations
under a specified compressive stress and angle
of inclination.

03 Significance

The procedure covers preparing specimens for
determining the mechanical and volumetric
properties of HMA. This procedure may also be
used for field control of an HMA production
process.

04 Apparatus

e Superpave Gyratory Compactor, with height
measurement and recording device

e Molds, 150mm inside diameter and 250mm
minimum height at room temperature

e Chute
e Scale
e Oven
e Miscellaneous
05 Gyratory Components
e Refer to AASHTO T 312
N PO e e Reaction Frame
- R Loxig * Rotating base and Motor
i I[.i!l e Loading System
oy — R - Ram and Pressure gauge
o e Height measure and recordation
Molds, plates, etc.
06 Standardization

Calibration should be periodically verified on:
e Ram pressure (semi-annually)

Angle of gyration (semi-annually)
Gyration frequency (semi-annually)
Height measure (semi-annually)

Mold and plates (annually)
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Angle of gyration refers to the effective internal
angle. Internal angle is the angle formed
between the internal mold diameter and a mold
end plate, as a mold is gyrated in an SGC.

Effective internal angle is the average of the top
and bottom angles and is verified according to
AASHTO TP 71.

Equipment Preparation

Equipment preparation should be performed in
accordance with manufacturer’s
recommendations, these should include:

e Warm-up equipment

e Verify settings
- Angle
- Pressure
- Number of gyrations

e Lubricate bearing surfaces

e Prepare recording device

e Pre-heat molds and plates at compaction
temperature (minimum of 30 min.)

e Pre-heat chute, spatulas and other apparatus
(not to exceed compaction temperature, but
may be lower to prevent damaging
equipment)

Sample Preparation
Laboratory Prepared HMA

If laboratory mixed, prepare in accordance with
the FOP for AASHTO R 30. If the specimens
are to be used for the determination of
volumetric properties, the sample size should be
adjusted to result in a compacted specimen that
is 115 +5mm at the desired number of gyrations.
It may be necessary to produce a trial specimen
to determine the approximate testing size.

Plant produced HMA

Sample should be obtained in accordance with
T 168 and reduced to testing size in accordance
with R 47. The sample shall be brought to the
compaction temperature range by careful,
uniform heating in an oven immediately prior to
molding.
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Compaction Procedure

Superpave gyratory compactors may be
different from that shown. Follow the
manufacturers recommended loading procedure.
This may require the steps performed in an
order other than that discussed, i.e. the mold
may be placed in a Pine / Brovold compactor
prior to material being loaded into the mold.

1. Remove pre-heated mold and plate(s)
from the oven.

2. Place base plate and paper disc in
bottom of mold.

Note: Ensure plate(s) are correctly placed in the mold.

3. Mix sample with a heated spatula until it
appears homogeneous.

4. Pour the mix into the mold all at once
(care should be taken to avoid
segregation or loss of material).

Level the mix in the mold.

Place a paper disc and the heated top-
plate (if required) on top of leveled
sample.

oo

Load the mold into the compactor.

Ensure compactor is set to the specified

number of gyrations or required

specimen height.

9. Apply pressure: 600 kPa +18 kPa

10. Apply angle: 1.16 +0.02° average
internal angle.

11. Apply the specified number of gyrations

at a rate of 30 £0.5 gyrations per minute.

©~

Superpave 5-5 January 2009



SUPERPAVE

15

16

12_T312_09.doc

UDOT/TTQP AASHTO T 312

Once the compaction is complete (after the
specified number of gyrations), the compacted
specimen is extruded from the mold and the
paper discs removed. The compressed sample is
then cooled down to room temperature, and the
specimen is appropriately identified.

Note: A cooling period of 5-10 min. in front of a fan
may be necessary for some HMA before extruding to
insure the specimens are not damaged.

When reusing the mold it should be re-heated
for a minimum of 5 minutes. Use of multiple
molds will speed up the compaction process.

Density Procedure

Determine theoretical maximum specific gravity
(Gmm) of the loose mix in accordance with the
FOP for AASHTO T 209 using companion
samples. Laboratory samples shall be prepared
and conditioned in accordance with the FOP for
AASHTO R 30. If the mix is plant produced
conditioning is not required.

Determine the bulk specific gravity (Gny) of the
compacted specimen in accordance with the
FOP for AASHTO T 166/T 275.

To calculate density, obtain the recorded
specimen height to the nearest 0.1 mm after
each revolution. This may be a printout or via
computer data acquisition software.

Uncorrected Relative Density

The measured heights are used to calculate the
density of the sample during the compaction
process. These densities are referred to as the
“uncorrected density” because they are
estimated based on exact volume calculations.
The formulas calculate volume in cm? to allow
direct comparison with the specific gravity.
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The uncorrected relative density may be
calculated at any point in the compaction
process using the equations at the left.

where:

%Gmmux = uncorrected relative density

Wh, = mass of the specimenin g

Gmm = theoretical maximum specific gravity
Gm = unit wt. of water (1g/cm®)

X = number of gyrations

Vmx = specimen volume, in cm?® at any point

based on diameter and height at that
point (using mm for height and

diameter)
hx = height after x gyrations (mm)
d = diameter (mm)

Corrected Relative Density

The corrected relative density (%Gmmx) may be
determined for any point in the compaction of
the specimens by using the formula at the left

where:

%Gmmx = corrected relative density as percent
of maximum theoretical specific

gravity
Gmb = measured bulk specific gravity of
the compacted specimen
Gmm = theoretical maximum specific
gravity
hm = height of extruded specimen (mm)
hx = height after x gyrations (mm)
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Calculation Example — (Corrected Relative Density)

(Corrected Relative Density at Nj,; for the specimen in Figure 1

2.409%x118.0
%Gmmx@Nini = x100 =86.78, Say 86.8 19
2.461x1331
Where:
Nini = 8 gyrations Nini =8
Gmb =2.409 Nges =100
Gmm =2.461 max = 160
%Gmmx = corrected relative density
hx = 133.1 mm (height after x gyrations)
hm = 118.0 (height of extruded specimen)
Figure 1 — Example Gyratory Printout 20
Specimen Size: 150 mm Date: 11/01/04
Pressure: 600 kPa Time: 14:35:27
Specimen ID: 1 Test #1 Technician:
Specimen Height (mm) vs. No. of Gyrations
0 1 2 3 4 5 6 7 8 9

0 150.9 146.0 142.4 139.9 137.9 136.4 135.1 134.0 133.1 132.4
10 131.7 131.0 130.4 129.9 129.3 128.9 128.5 128.1 127.7 127.4
20 127.0 126.6 126.4 126.1 125.8 1255 125.3 125.1 124.9 124.7
30 1244 1243 124.0 123.9 123.7 1235 123.4 123.2 123.0 122.9
40 122.7 122.6 122.4 122.3 122.1 122.1 122.0 121.8 121.7 121.6
50 121.5 121.3 121.3 121.2 121.0 121.0 120.9 120.8 120.7 120.6
60 120.5 120.4 120.4 120.3 120.2 120.1 120.0 119.9 119.9 119.8
70 119.7 119.6 119.6 119.6 119.5 1194 119.3 119.3 119.2 119.1
80 119.1 119.0 119.0 118.9 118.9 118.8 118.7 118.7 118.6 1185
90 118.5 1184 1184 1184 118.3 118.2 118.2 118.1 118.1 118.1

100 118.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
110 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
120 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
130 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
140 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
160 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
170 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
180 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
190 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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21 Report

Report on standard agency forms. If applicable to
the agency requirements, include the following
information:

1. Project name

2. Test date

3. Sample or lot and sublot number

4. Test location represented

5. Specimen I.D.

6. Job mix formula I.D.

7. Percent binder to nearest 0.1%

8. Specimen mass to nearest 0.1g

9. Gmm to nearest 0.001

10. Gyp to nearest 0.001

11. Mold diameter to nearest 1.0mm

12. Height at each gyration to nearest 0.1mm

13. Relative density expressed as percent of
Gmm to nearest 0.1%

14. Gyration angle to the nearest 0.01° and
the method used to verify the angle

22

Tips! 23

e Don’t forget to install base
plate and paper disc in
bottom of mold prior to
filling.

e Don’t forget to level the
material in the mold.

e Cooling of extruded hot
specimens is required in
many cases to prevent
damage due to handling.

e Don’t forget to remove the
paper discs as soon as
possible from the hot
specimens.

12 T312 09.doc Superpave 5-9 January 2009



SUPERPAVE UDOT/TTQP AASHTO T 312

12 T312 09.doc Superpave 5-10 January 2009



SUPERPAVE UDOT/TTQP

REVIEW QUESTIONS

1. What is the purpose of the Gyratory Compactor?

2. How many kPa of pressure is applied to the specimen?

3. At what angle is the specimen compacted?

AASHTO T 312 REVIEW

4. Using the example information calculate the corrected relative density (%Gmmx) at Nes.

13 _T312_rev_0